Within the last decade several genes have been identified as candidate risk genes for developmental dyslexia. Recent research using animal models and embryonic RNA interference (RNAi) has shown that a subset of the candidate dyslexia risk genes-DYX1C1, ROBO1, DCDC2, KIAA0319-regulate critical parameters of neocortical development, such as neuronal migration. For example, embryonic disruption of the rodent homolog of DYX1C1 disrupts neuronal migration and produces deficits in rapid auditory processing (RAP) and working memory-phenotypes that have been reported to be associated with developmental dyslexia. In the current study we used a modified prepulse inhibition paradigm to assess acoustic discrimination abilities of male Wistar rats following in utero RNA interference targeting Kiaa0319. We also assessed spatial learning and working memory using a Morris water maze (MWM) and a radial arm water maze. We found that embryonic interference with this gene resulted in disrupted migration of neocortical neurons leading to formation of heterotopia in white matter, and to formation of hippocampal dysplasia in a subset of animals. These animals displayed deficits in processing complex acoustic stimuli, and those with hippocampal malformations exhibited impaired spatial learning abilities. No significant impairment in working memory was detected in the Kiaa0319 RNAi treated animals. Taken together, these results suggest that Kiaa0319 plays a role in neuronal migration during embryonic development, and that early interference with this gene results in an array of behavioral deficits including impairments in rapid auditory processing and simple spatial learning.
a b s t r a c t
Within the last decade several genes have been identified as candidate risk genes for developmental dyslexia. Recent research using animal models and embryonic RNA interference (RNAi) has shown that a subset of the candidate dyslexia risk genes-DYX1C1, ROBO1, DCDC2, KIAA0319-regulate critical parameters of neocortical development, such as neuronal migration. For example, embryonic disruption of the rodent homolog of DYX1C1 disrupts neuronal migration and produces deficits in rapid auditory processing (RAP) and working memory-phenotypes that have been reported to be associated with developmental dyslexia. In the current study we used a modified prepulse inhibition paradigm to assess acoustic discrimination abilities of male Wistar rats following in utero RNA interference targeting Kiaa0319. We also assessed spatial learning and working memory using a Morris water maze (MWM) and a radial arm water maze. We found that embryonic interference with this gene resulted in disrupted migration of neocortical neurons leading to formation of heterotopia in white matter, and to formation of hippocampal dysplasia in a subset of animals. These animals displayed deficits in processing complex acoustic stimuli, and those with hippocampal malformations exhibited impaired spatial learning abilities. No significant impairment in working memory was detected in the Kiaa0319 RNAi treated animals. Taken together, these results suggest that Kiaa0319 plays a role in neuronal migration during embryonic development, and that early interference with this gene results in an array of behavioral deficits including impairments in rapid auditory processing and simple spatial learning.
© 2012 ISDN. Published by Elsevier Ltd. All rights reserved.
Introduction
Developmental dyslexia is a common disorder affecting 5-10% of school-aged children worldwide. It is defined as a significant impairment in reading despite adequate educational opportunity and normal non-verbal cognition (Fisher and Francks, 2006) . The etiology of developmental dyslexia is still not well understood, but twin studies suggest that it is a heritable disorder (see Bishop, 2009; Willcutt et al., 2010 for review) . Within the last two decades, researchers have used genetic linkage studies to identify several chromosomal regions that are significantly Abbreviations: CDSG, candidate dyslexia susceptibility gene; RAP, rapid auditory processing; RNAi, RNA interference; shRNA, short hairpin RNA; RFP, red fluorescent protein; GFP, green fluorescent protein; SES, startle eliciting stimulus; ATT, attenuation; ISI, inter-stimulus interval; ITI, inter-trial interval.
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E-mail addresses: Caitlin.cleary@uconn.edu, caitlincleary12@gmail.com (C.E. Szalkowski). associated with dyslexia (see Kang and Drayna, 2011 for a complete review). Interestingly, the genomic region with the most consistently replicated linkage to dyslexia is at chromosome 6p23-21.3. In fact, linkage to this region has been detected in five separate dyslexic populations from the United Kingdom and United States (Cardon et al., 1994 (Cardon et al., , 1995 Gayan and Olson, 2001; Grigorenko et al., 1997; Fisher et al., 1999; Fisher and DeFries, 2002) . More recent studies have used candidate-gene association analyses to identify specific dyslexia-associated genes within this identified region on chromosome 6. Such studies have found correlations between variants of the gene KIAA0319 and impairments in dyslexic individuals in language-related cognitive abilities, including phoneme awareness, phonological decoding, orthographic coding, spelling, and single word reading (Cope et al., 2005; Deffenbacher et al., 2004; Elbert et al., 2011; Francks et al., 2004; Newbury et al., 2011; Rice et al., 2009) . Little is known about the function of KIAA0319, but the presence of a polycystic kidney disease domain on the KIAA0319 protein has lead to speculation that it may play a role in cell adhesion (Paracchini et al., 2006) . Additional research has suggested that it may also play a role in cellular signaling (Velayos-Baeza et al., 
